An HPLC method for Tamsulosin was developed by using a quality by design (QbD) novel concept. QbD has gained importance in recent times due to regulatory requirements in industrial application. Chromatographic separation of Tamsulosin was carried out by using C8 column, and mobile phase used was methanol and distilled water (40:60 v/v) for proper separation process. Separation by using water as a solvent is beneficial as it is cost effective process and industrially applicable. In the development of the HPLC method, factors like injection volume, conc. of methanol, the column vent temperature is critical in maintaining. Hence the Box-Behnken optimization model was applied for the main, interaction and quadratic effects of these three factors on the selected response. The effect of these parameters was studied on the tailing factor (resolution). Results were analysed during a surface diagram. Verification of the software-generated result was done by taking six replicates of the run. Finally, the method was validated according to ICH guidelines.
INTRODUCTION

Tamsulosin
(5-[(2R)-2-{[2-(2-ethoxyphenoxy)ethyl]-amino}propyl]-2-methoxybenzene-1-sulfonamide) acts as adrenergic α-antagonists and is maximally used to treat symptomatic benign prostatic hyperplasia (BPH), which will help with the passage of kidney stones, and also for urinary retention. Tamsulosin acts as a selective antagonist at α1A and α1B-adrenoceptors in the prostate, prostatic capsule, prostatic urethra, and bladder neck. The three discrete α1adrenoceptor subtypes such as α1A, α1B and α1D were also identified and their distribution differs between human organs and other tissue. It was noted that there are approximately 70% of the α1-receptors in the human prostate, which were of the α1A subtype. The blockage in these types of receptors will cause relaxation of smooth muscles in the bladder neck and prostate, and which thus decreases urinary outflow resistance in males. 1 To the best of our knowledge HPLC method using a simple UV detector by applying the QbD approach is not available. As per International Conference on Harmonization (ICH) guidance on pharmaceutical development, "QbD is a systematic approach to development that begins with predefined objectives and emphasizes product and process control and which is dependent on quality risk management and its related science. 2 QbD has gained special attention in current times due to regulatory requirements in the research work.
US-FDA has accelerated QbD drive to encourage the riskbased approach and thorough understanding of processes, which is ultimately going to help the regulatory bodies in the review process.
The basic foundation behind QbD is that quality is 'designed' into the process at the onset to the establishment of the method by a thorough understanding of the effect of the various system parameters are studied. Effects are analyzed for their influence on the quality of the product that is desired. This is nothing but ultimately to establish the design space for the method. Design space is defined as a "multidimensional combination and interaction of input variables that have been demonstrated to assure quality." 3 Some of the methods have been reported for the development of the HPLC method for Tamsulosin. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] 
MATERIALS AND METHODS
Tamsulosin standard active pharmaceutical ingredient (API) was procured from Hetero Drugs Limited (Hyderabad) and solvents were supplied from Dodal Enterprises and Badar chemicals, Aurangabad. Distilled HPLC grade water was prepared in the quality assurance lab of Y. B. Chavan College of Pharmacy, Aurangabad. The instrument used for HPLC analysis work was performed by using a Shimadzu LC20 model with C8 column of 4.6×150mm; 5µmplates
Tamsulosin sample preparation
The stock solution of Tamsulosin for optimization of experiments was prepared by accurately weighing 10mg of Tamsulosin and dissolving it in 100 mL of the mobile phase composing of methanol and water 40:60 combination.
Analytical targetprofile
Quality by design approach acts as systematic approach particularly used for research in the product, process design and its development. Hence its preliminary work deals with the determination of goal or method intent. This emphasis is given on the product and process understanding. 15 Here method intent was to develop the RP-HPLC method of Tamsulosin, which is robust, accurate, precise and USP tailing factor less than 2, and analysis time, i.e., less than 10 min as per QbD norms a robust method should be developed with the help of visualized a design space.
Instrument qualification
The protocols and analytical procedures used in the pharmaceutical analysis are subjected to highly formalized validation procedures to demonstrate that they are suitable for the intended use or not. As a consequence, prior to method validation, it is essential to get assure that the equipment or analytical test system itself is adequately designed, maintained, calibrated as well as tested. These tests are called as analytical instrument qualification (AQI) which involves following qualification parameters such as
Design qualification Installation qualification Operational qualification Performance qualification
In the HPLC system, it involves equipment, design qualification. Installation qualification establishes that the instrument is received as designed and that it is properly installed. As far as practical experimentation is considered, the only operational qualification and performance qualification combine parameters were done, as reported by L. K. Kaminskiet al. 16
The precision of injection volume
It was determined by comparing the peak area received with fixed 20 µL injections and calibrated dosage loop tolerance limit set was <1 % RSD.
Injection carryover
Injection carryover was determined by running a new test directly after an analysis process and measuring possible absorption. In this, there should not be any peak from the previous analysis.
Flow rate accuracy
It was determined by measuring the volumetric flow rate of mobile phase (methanol-water 40:60 proportion) through the column over a previously set period of time such as 1.0 mL min -1 for 10 min, 2.0 mL min -1 for 5 min, 2.5 mL min -1 for 10 min respectively and in this the relative standard deviation (RSD) should be less than 1 %.
Flow rate precision
A flow rate precision was determined by measuring the RSD of retention times. The limit set was <1.0 % RSD.
Wavelength accuracy
It was done by scanning the compound with known specific maxima. The tolerance limit is specific maxima ±2 nm.
The linearity of the detector
The linearity of the detector was determined by injecting an increasing concentration of the substance and the tolerance limit set was R 2 ≥ 0.999.
Risk assessment
Risk assessment deals with increase quality of method or its process management system. It also determines the various effect of its input variable on the applied method and its process. From risk assessment, one can identify with critical attributes that are going to affect the quality of the final product. A risk assessment parameter is applicable for effective communication between FDA, industries, research/development, manufacturing and multiple manufacturing sites within the company. Various tools for risk assessment are as given below: 17 Ishikawa or fishbone diagram, Failure model effect analysis(FMEA), Pareto analysis.
Method design
i) Screening Method: The screening was doneby Placket-Burman Design using Design Expert 11 software.
Five factors were selected which were as follows:
1. Flow rate.
Injection volume.
3. Column oven temperature.
4. The concentration of methanol.
Detection wavelength.
The total runs obtained were 12 in number, the response for the design was tailing factor studied for the drug. The results were then put in the design to optimize the method further and chromatographic factors and response variable and Plackett-Burman design were given in Tables 1 and 2 . Optimization was done by response surface methodology and then by applying a three-level Box-Behnken design with three center points as shown in Table 3 . Three factors selected were injection volume, the concentration of methanol, column oven temperature in the mobile phase. Evaluation of the mainfactor, the interaction and quadric effect on peak USP tailingfactorswere also been done. The flow rate selected for obtaining accurate results was 1ml per minute and detector wavelength was kept as 230nm as its effect on thetailingfactor was lesssignificant. Experiments were conducted by making triplicate injections (total 17 runs) of standard Tamsulosin solution as shown in Table 4 . The averageof USP tailingfactor was analyzed using Design Expert 11 software.
The application of multivariate regression analysis output in a fitted full quadrate model for the average responses for peak USP tailing is accessible by the given equation Y=ß 0+ ß1X1+ ß2X2+ ß3X3+ ß11X1 2 + ß22X2 2 
where Y is the response, ß0 is the arithmetic meanresponse, ß1, ß2, ß3 are regressioncoefficientsofthefactorX1, X2, X3 respectively, ß11, ß22, ß33 are squaredcoefficients and ß12, ß13, ß23 are interaction coefficients. 18 
Critical quality attributes (CQA)
From the software-generated result, the critical factors which affect the tailing factor were determined. Factor such as flow rate, wavelength and methanol concentration in the mobile phase were found to be critical. The selection of the stationary phase was also a critical parameter. The nature of the drug is more retentive on C8 than C18.
Method validation
The chromatographic method, which was optimized and validated were according to the International Conference on Harmonization (ICH) 19 Q2 (R1) guidelines for linearity, range, precision and robustness. For the process of system suitability, a standard solution of 10µgmL -1 of Tamsulosin was prepared by diluting and mixing the drug with a proportion of methanol: distilled water (60:40 v/v).
A set of six replicate injection of the system standard solution was also analysed before sample analysis. The acceptance criteria for Tamsulosin were less than 2% relative standard deviation (RSD) for peak area, retention time.
Linearity
As per ICH guidelines, the linearity of an analytical procedure is defined as is its ability (within in a given range) to obtain test results that are directly proportional to the concentration (amount) of analyte in the sample. Standard calibration curves were prepared with five different concentrations by making serial volume to volume dilution of stock solution with methanol: distilled water (60:40 v/v) over the range of 10, 20, 30, 40 and 50 µg mL -1 .
Three replicate injections of each concentration were made to determine the linearity of Tamsulosin over the concentration range. Linear concentration curves of peak area versus drug concentration were plotted by using linear least squares regression and evaluated for linearity. 
Robustness
The robustness is defined as a measure of its capacity to remain unaffected by the small, but a deliberate change in method parameter will indicate its reliability during normal usage. There should be the reliability of the analysis with respect to deliberate variation in method parameters such as flow rate (± 0.1 mL min -1 ), pH (±0.1 units) and mobile phase preparation.
RESULT AND DISCUSSION
Chromatographic separation was done on C-8 column (4.6×150mm, 5µm particle size) with a mobile phase of methanol and distilled water (60:40 v/v) degassed in a sonicator for 10 min and filtered through 0.2 µ membrane filter before use. Peak was obtained at 5.37 min with a flow rate of 1 mL min -1 , column temperature 30 ºC. Prior to the injection of drug solution, the column was equilibrated with mobile phase flowing through the system. Detection was done using a UV detector at 230nm. Further changes were made according to the optimization model and graph peak of drug is given supplementary material in. 
Plackett-Burman Design
Box-Behnken Design
Multivariate regression analysis was applied and fitted in a modified quadratic model for obtaining the USP tailing factor of the peak. Factors that were considered here were injection volumes, the concentration of methanol, column oven temperature. The regression coefficient and P-values derived from the software-generated report are given in Table 6 . Analysis of variance (ANOVA) which was performed for study the significance of the factors and interaction terms on the response i.e. USP tailing factor of the peak, P-value simply provide the cut-off beyond which we assert that the findings are 'statistically significant' by convention, it is P ˂0.05. 20 A value of probe F was found to be less than 0.05, hence model was found to be significant for prediction of response. The model found was of modified quadratic model. Entire model was fitted well for optimization process and significant factors were also found which were related to Injection volume as given in Figure 1 .
Response surface and contour plot were studied to visualize effect of factor and their interactions so as to develop design space for robust method and 3D graph are given in Figure 2 For optimized condition, mobile phase was using in ratio of methanol: distilled water (61:39 v/v) at 230 nm wavelength having flow rate of 1 mL min -1 and injection volume was 10 µg mL and column temperature was set as 30 ˚C.
Method of validation
Linearity and repeatability
A set of solutions of Tamsulosin at a concentration ranging from 10 µg mL -1 was prepared. Each sample was analyzed in triplicate, and the calibration curve was constructed by plotting the peak areas versus the concentration using linear regression analysis and repeatability was determined by running six replicates of samples and evaluating the average and %RSD for each sample by comparing peak area and repeatability results are given in Table 7 . 
CONCLUSION
The quality by design approach has been successfully used to develop the HPLC method for Tamsulosin API. All critical aspects of QbD were tried to be implemented in this research study. A Systematic approach was utilized for the development of an efficient and robust method, which includes beginning with the determination of target profile characteristics, instrument qualification, risk assessment and design of the experiment. Important three factors were determined to significantly affect the peaks, which were analyzed to determine their interactions and quadratic effects with the least possible runs by using the Box-Behnken model in conjunction with response surface methodology.
Response surface diagram and contour plots were studied by which conclusions arise about which factor is affecting response with limits, which are then recorded. A desirable function was applied for the determination of optimum conditions within the parameters. Optimum conditions were obtained for the QbD approach. The one with higher desirability was selected. Replicates of the run having optimized conditions were taken to confirm the predicted response with the actual response.
